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FIG. 1(PRIOR ART) 

< TVA Main> 

<ProgramInfarmat/on Tab/42> 
<Programlnformation programld="PROG-123"> 

<BasicDescriQtion> 
<Title>Sunrise News<fTitle> 
<Synopsls>Morning News<lsynopsis> 
<Keywords> 

<Keyword>politics<lKeyword> 
<Keyword>eoonomy<lKeyword> 

<lKeywords> 
<Genre>News<lGenre> 
<CreditsList> 

<Creditsltem> 
<Role>Reporter<IRole> 
<Agent>Richard Perry<lAgent> 

<lCreditsltem> 
<Credilsltem> 

<Role>Producer<lRole> 
<Agent>Tom Martin<lAgent> 

</Credii'sltem> 
</CreditsLIst> 

<lBasicDescription> 
<lProgramlnformatlon> 
<lProgramlnformationTable> 

<ProgramLocatiunTable> 
<BroadcastEvent serviceldRef="NBC"> 

<ProgramIdRef>PROG-123<lProgramldRef> 
<PublishedTime>2003—04-29T09:40:00<lPubiishedTime> 
<PublishedDuration>PT30MOS<lPublishedDuration> 

<IBroadcastEvent> 
<lProgramLocationTable> 

<Servicelnform'at ionTable> 
<l8ervicelnformation s'ervlceld="NBC"> 
<Name>NBC<lName> 
<ServiceURL>www. nbc.com</ServiceURL> 

<l$ervicelnformation> 
<lservicelnformationTable> 

<ITVAMain> 



US. Patent Nov. 30, 2010 Sheet 2 0f 13 US 7,844,644 B2 

7 lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll l | 
_ _ 5.583533 28.2% 

_ _ F r 

_ _ 

n “ uEFumz?EZ 5.553955 f 

n n f #:0533305 

__ _ _ 

_ _ _ _ _ _ 

im< M5223 6E 





US. Patent Nov. 30, 2010 Sheet 4 0f 13 US 7,844,644 B2 

FIG. 4 
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METHOD AND APPARATUS FOR MANAGING 
DATA WRITTEN IN MARKUP LANGUAGE 
AND COMPUTER-READABLE RECORDING 
MEDIUM FOR RECORDING A PROGRAM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority of Korean Patent 
Application No. 10-2003-0090937, ?led on Dec. 13, 2003, in 
the Korean Intellectual Property Of?ce, the disclosure of 
Which is incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and apparatus for 

managing data Written in a markup language, and a computer 
readable recording medium for recording a program designed 
to perform the same method, and more particularly, to a 
method for generating, storing, deleting, and updating a frag 
ment obtained by splitting data Written in a markup language 
and generating, storing, deleting, and updating an index asso 
ciated With the fragment, and a computer-readable recording 
medium for recording a program designed to perform the 
same method. 

2. Description of the Related Art 
Digital devices containing digital circuits for processing 

digital data are groWing in popularity. Examples of digital 
devices include computers, printers, scanners, pagers, digital 
cameras, facsimiles, digital copiers, personal digital assis 
tants (PDAs), cellular phones, digital home appliances, digi 
tal phones, digital projectors, home servers, digital video 
recorders, digital TV broadcast receivers, digital satellite 
broadcast receivers, and set-top boxes. 

Meanwhile, digital data processed by digital devices can be 
represented in various programming languages. In particular, 
markup languages including Standard Generalized Markup 
Language (SGML), HyperText Markup Language (HTML), 
and Extensible Markup Language (XML) are gaining popu 
larity due to their increased ability to convey structural infor 
mation. Detailed information on markup languages can be 
found at http://WWW.W3.org or http://WWW.xml.com. The 
most commonly used markup language is XML, Which is an 
of?cial World Wide Web Consortium (W3C) standard, and 
various other markup languages are expected to be developed 
in the future. 
As shoWn in FIG. 1, digital data formatted With a markup 

language is divided into structure and content. For example, 
as shoWn in FIG. 2, the digital data may have a hierarchical 
structure consisting of a root node “TVAMain” 10 and chil 
dren nodes “ProgramDescripton,” “ProgramLocatonTable,” 
“BroadcastEvent” 11, “EventDescription,” “ServiceId” 12, 
“PublishedTime” 13, and “PublishedDuration” 14. FIG. 2 
shoWs part of a hierarchical structure of digital data used as 
metadata for a broadcast program in the TV-Anytime Forum, 
a private organization founded in September 1999 to develop 
speci?cations to enable audio-visual and other services in a 
user environment such as a personal digital recorder (PDR) 
having high capacity storage for personal use. 

Digital devices can gain quicker access to desired content 
using information on the hierarchical structure When process 
ing digital data Written in a markup language and formatted 
according to a predetermined protocol. 

Thus, digital data Written in a markup language and having 
a format prede?ned according to a predetermined protocol 
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2 
can be effectively processed in various digital devices such as 
computers, PDAs, and cellular phones conforming to this 
protocol. 
Due to these advantages, digital data Written in a markup 

language are commonly used in enterprise-class systems With 
excellent computing capability as Well as small digital 
devices With restricted computing capability. 

Digital data Written in a markup language has a Wide range 
of uses ranging from personal information such as a tele 
phone number list to metadata for describing and managing 
multimedia data. There are a variety of different types of 
digital data having different content and structures for each 
different kind of use. 

Various approaches have been proposed for managing 
digital data Written in a markup language. For example, one 
representative method for storing and retrieving XML data is 
a node numbering scheme as shoWn in FIG. 3. The node 
numbering scheme has been presented in [1] Chun Zhang, 
Jeffrey F. Naughton, Qiong Luo, David J. DeWitt, and Guy 
M. Lohman “On Supporting Containment Queries in Rela 
tional Database Management Systems,” In Proc. of the 2001 
ACM-SIGMOD conference, Santa Barbara, Calif., USA, 
May 2001, [2] QuanZhong Li and Bongki Moon “Indexing 
and Querying XML Data for Regular Path Expressions,” In 
Proc. of the 26th VLDB conference, Rome, Italy, September 
2001, and [3] Torsten Grust “Accelerating XPath Location 
Steps,” In Proceedings of the 2002 ACM-SIGMOD confer 
ence, pages 109-120, Madison, Wis., June 2002. 
The node numbering scheme alloWs each node (element or 

attribute) in an XML document to be naturally mapped to a 
tuple in a relational table. Each tuple is expressed in a struc 
ture <doc_id, begin_pos, end_pos, level>. 

Here, doc_id is an ID of a document, begin_pos and 
end_pos denote information on the position of a node Within 
the document, and level denotes the depth of the node from a 
root node. For example, a tuple corresponding to each node 
present Within a Pro gramInformation node in the XML docu 
ment of FIG. 1 may be represented by each node of a tree 
shoWn in FIG. 3 using a node numbering scheme. 

In FIG. 3, since all nodes belong to the same document, 
doc_id is set to 1, and a terminal node is used as a special node 
type designating a text value of a parent node. 

In the node numbering scheme, ancestor-descendant and 
parent-child relationships betWeen tWo nodes are expressed 
using the operators ‘//’ and ‘/’ in the XPath language and the 
XQuery language, respectively, and the relationships are 
determined by comparing a ?eld value of each tuple. For 
example, ifnode ‘A’ is an ancestor ofnode ‘b’ (i.e. A//B), the 
nodes ‘A’ and ‘B’ satisfy requirements: 
‘A.doc_id::B.doc_id, A.begin_pos<B.begin_pos, and 
A.end_pos>B.end_pos’. Ifnode A' is a parent ofnode B' (i.e., 
A/B), ‘A.level::B.level-1’ is added to the above require 
ments. 
A structural join can be performed using the above-men 

tioned requirements to ?nd a pair of nodes that satisfy a query 
expressed as ‘A/B’ or ‘A// B’ in an XPath or XQuery language. 
The node numbering scheme enables the storage and 

retrieval of general XML data Without the need for informa 
tion on a document type de?nition (DTD) or XML schema 
associated With input data. HoWever, this scheme suffers from 
several draWbacks in small digital devices having restricted 
computing capability. The number of joins that must be per 
formed to process a path expression to retrieve XML data is 
equal to the length of the path expression. 

Since an insu?icient memory is available for computation 
in small digital devices, Input/Output operation is frequently 
generated, Which may result in signi?cant performance deg 
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radation. In restoring the XML data, the same result occurs. 
Updating a child node may result in updating a parent node, 
thus making the update process ineffective. 

Another method for storing and retrieving documents is an 
attribute inlining technique. This technique not only prevents 
excessive fragmentation caused by node numbering by inlin 
ing one or more XML nodes into a single table but also alloWs 
a relational database to be automatically implemented using a 
given DTD or XML schema. 

For more information on attribute inlining, see [Javavel 
Shanmugasundaram, Kristin Tufte, Chun Zhang, Gang He, 
David J. Dewitt, and Jeffrey F. Naughton “Relational Data 
bases for Querying XML Documents: Limitations and 
Opportunities,” In Proc. of the 25th VLDB conference, pages 
302-314, Edinburgh, Scotland, September 1999]. 

HoWever, like the node numbering scheme, attribute inlin 
ing requires a large amount of computation When each of 
many nodes Within a DTD has a plurality of cardinalities. 
Furthermore, since the method is very sensitive to schema 
(DTD) for XML data, changes in node attributes cause rec 
reation of a database. 

Therefore, there is a need for a method for effectively 
managing digital data Written in a markup language. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
and apparatus for effectively managing data Written in a 
markup language and a computer-readable recording 
medium for recording a program designed to perform the 
same method. 

It is another object of the present invention to provide a 
method and apparatus for effectively creating an index for 
data Written in a markup language and a recording medium 
for storing a program designed to perform the indexing 
method. 

In one aspect of the present invention, the present invention 
provides an apparatus for managing data Written in a markup 
language, comprising a data provider that provides fragments 
having the data Written in the markup language split by a 
predetermined group of nodes, a storage unit that stores the 
fragments and identi?ers used for distinguishing the frag 
ments on a fragment-by-fragment basis, and a data processor 
that, upon request for data, retrieves a fragment containing the 
requested data from the storage unit and provides the same. 

The apparatus may further comprise a fragment managing 
unit that analyZes the fragment provided by the data provider 
and stores the fragment and the identi?er used for distinguish 
ing the fragment in the storage unit on a fragment-by-frag 
ment basis. 

When the analyZed fragment is more recent than the data 
previously stored in the storage unit, the fragment managing 
unit may update a fragment containing the previously stored 
data. 

MeanWhile, the apparatus may also further comprise an 
index managing unit that analyZes the fragment provided by 
the data provider, generates an index corresponding to the 
data and stores the generated index in the storage unit on an 
index-by-index basis. 

The data provider may further provide an index for the 
fragment. 

Also, the apparatus may further comprise an index manag 
ing unit that analyZes the index provided by the data provider 
and stores the index and an identi?er used for distinguishing 
the index in the storage unit on an index-by-index basis. 
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4 
When the analyZed index is more recent than the index 

previously stored in the storage unit, the index managing unit 
may update the corresponding index. 

Also, the data provider may selectively provide fragmented 
data among received digital broadcast streams. 
The apparatus may further comprise a metadata broWser 

that parses the fragment provided by the data processor and 
outputs the same. 

In another aspect of the present invention, the present 
invention provides a method for managing data Written in a 
markup language, comprising providing fragments having 
the data Written in the markup language split by a predeter 
mined group of nodes, analyZing the fragments and storing 
the fragments and identi?ers used for distinguishing the frag 
ments on a fragment-by-fragment basis, and upon request for 
data, retrieving a fragment containing the requested data from 
the storage unit and providing the same. 
The method may further compri se, When the analyZed frag 

ment is more recent than the previously stored one, updating 
the corresponding previously stored fragment. 

Also, the method may further comprise analyZing the pro 
vided fragment, generating an index corresponding to the 
data and storing the generated index. 
The method may further comprise providing an index for 

the fragment. 
The method may further comprise analyZing the provided 

index and storing the index and an identi?er used for distin 
guishing the index on an index-by-index basis. 
When the analyZed index is more recent than the previ 

ously stored index, the method may further comprise updat 
ing the corresponding previously stored index. 
The method may also further comprise selectively provid 

ing fragmented data among received digital broadcast 
streams. 

The method may further comprise parsing the provided 
fragment and outputting the same. 
A computer-readable recording medium for recording a 

program for executing the method is constructed to perform 
the methods described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention Will become more apparent by describing in detail 
exemplary embodiments thereof With reference to the 
attached draWings in Which: 

FIG. 1 is an exemplary diagram of typical data Written in a 
markup language; 

FIG. 2 illustrates a general structure of data Written in a 
markup language; 

FIG. 3 illustrates a method for storing data Written in a 
markup language using a conventional node numbering 
scheme; 

FIG. 4 is a conceptual diagram for explaining fragmenta 
tion of data Written in a markup language; 

FIG. 5 illustrates the concept of managing data Written in a 
markup language according to an embodiment of the present 
invention; 

FIG. 6 illustrates the concept of managing the digital data 
of FIG. 1 using the concept of data management illustrated in 
FIG. 5; 

FIG. 7 is a block diagram of a digital device for managing 
data Written in a markup language according to an embodi 
ment of the present invention; 

FIGS. 8A through 8C are ?oWcharts illustrating methods 
for managing and retrieving data according to embodiments 
of the present invention; 
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FIG. 9 shows a grid guide screen in a general electronic 
programming guide (EPG) application; 

FIG. 10 is a conceptual diagram showing transmission of 
fragmented metadata; and 

FIG. 11 is a block diagram of a digital broadcast receiving 
device for processing metadata written in a markup language 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Advantages and features of the present invention and meth 
ods of accomplishing the same may be understood more 
readily by reference to the following detailed description of 
exemplary embodiments and the accompanying drawings. 
The present invention may, however, be embodied in many 
different forms and should not be construed as being limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure will be thorough 
and complete and will fully convey the concept of the inven 
tion to those skilled in the art, and the present invention will 
only be de?ned by the appended claims. Like reference 
numerals refer to like elements throughout the speci?cation. 
A method and apparatus for effectively managing data 

written in a markup language according to illustrative 
embodiments of the present invention will now be described 
in detail with reference to the accompanying drawings. 

Before illustrating an exemplary implementation of the 
present invention, the concept of fragmentation will ?rst be 
described. Fragmentation refers to splitting digital data writ 
ten in a markup language into smaller fragments. The present 
invention basically manages the digital data in fragments. A 
fragment policy for digital data written in a markup language 
may be determined by a digital device for processing the 
digital data or a protocol for sending and receiving predeter 
mined digital data among multiple digital devices (hereinaf 
ter referred to as a ‘domain’). 

The concept of fragments will now be described brie?y 
with reference to FIG. 4. The digital data formatted with a 
markup language shown in FIGS. 1 and 2 is broken down into 
tree structures, each of which is called a fragment. 

For example, if the digital data is segmented into a tree 
structure with a parent node TVAMain and predetermined 
children nodes (fragment TVAMain), a tree structure with a 
parent node ProgramInformation Table and children nodes 
below the parent node (fragment Pro gramInformation), and a 
tree structure with a parent node BroadcastEvent and children 
nodes below the parent node (fragment BroadcastEvent), 
each segmented tree structure serves as a fragment. 
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and BroadcastEvent in FIG. 4, the way to split and the number 
of fragments is arbitrarily determined by the fragment policy 
of the particular domain. 

Meanwhile, since each fragment can be updated indepen 
dently, a parent-child relationship between two nodes belong 
ing to different fragments may no longer exist. Thus, to main 
tain the parent-child relationship between two nodes upon 
fragmentation of digital data written in markup language, a 
fragment policy is designed such that the two nodes belong to 
the same fragment type, or an IDREF node type is used to 
allow a node to refer to another node. 

Fragmentation of digital data is more useful for access to 
digital data written in a markup language, and in particular, to 
a predetermined node contained in the digital data. 

To achieve this, ?rst, the fragment policy is used to ?nd a 
fragment containing a desired node and then access is made 
directly to the appropriate node. Thus, it is possible to obtain 
desired information by processing only the pertinent frag 
ment instead of the whole digital data 

Meanwhile, in the case of Extensible Markup Language 
@(ML), a World Wide Web Consortium (W3 C)-de?ned XML 
Path Language @(Path) may be used to mark a predetermined 
node contained in fragmented digital data. Here, XPath is a 
syntax for describing a path to a node within an XML docu 
ment. Speci?cally, XPath is used to indicate a pertinent node 
contained in a fragment by specifying a) an absolute path 
from the root node of digital data to a parent node of the 
fragment containing the pertinent node and b) a relative path 
from the parent node of the pertinent fragment to the pertinent 
node. 

To identify fragmented digital data, an indicating method 
using an absolute or relative path may be used. For example, 
an absolute path of a parent node in each fragment may be 
used to identify each fragment. In addition to specifying an 
absolute path using XPath, when an absolute path has a ?xed 
pattern, the absolute path can be represented in code accord 
ing to a predetermined mapping rule. For example, while 
fragment BroadcastEvent shown in FIGS. 2 and 4 may be 
represented as ‘/TVAMain/ProgramDescription/ProgramLo 
cationTable/BroadcastEvent’ using XPath, the same frag 
ment is expressed by ‘FFOl ’ according to a mapping rule. In 
this case, fragment type BroadcastEvent can be identi?ed by 
‘FFOl ’. 

A data management structure according to a preferred 
embodiment of the present invention will now be described. 

In this embodiment, fragmented digital data are managed 
in a relational table as shown in Table 1 below: 

TABLE 1 

Fragmenti?iid 
Fragment#2iid 
Fragment#3iid fragment#3itype 

fragment?litype 
fragment?Zftype 

fragment?liversion 
fragmentitZfversion 
fragment#3iversion 

fragment?licontent 
fragment?Zfcontent 
fragment#3icontent 

Fragmentation is a useful technique for managing or trans 
mitting high volume digital data. For example, if digital data 
is segmented into several fragments that are organiZed to be 
distinguishable from one another, it is possible to indepen 
dently access or transmit only desired fragments. 

The hierarchical structure of digital data written in a 
markup language in a domain is divided into a set of frag 
ments or fragment types. A fragment type may be the child of 
another fragment type. Although digital data are split into the 
above three fragment types TVAMain, ProgramInformation, 

60 

65 

Table 1 contains fragment_id, fragment_type, frag 
ment_version, and fragment_content for each fragment. 

Here, fragment_id denotes an identi?er of each fragment 
used for distinguishing a fragment in a transmission network 

or database, fragment_type denotes the type of the pertinent 
fragment, fragment_version denotes the version of the frag 
ment, and fragment_content denotes a repository where frag 
mented digital data is stored. In this case, the digital data can 
be stored in fragments in text or parsed form. 
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Managing the fragmented data using the relational table 
allows a digital device to effectively access the desired infor 
mation Without the need to process all digital data. Speci? 
cally, the ?rst step to gain access to the desired information is 
to identify a fragment type containing the desired information 
using the fragment policy described earlier. 
When multiple fragments are found to be of the same 

fragment type, fragment version is checked to select the latest 
version of fragment. The fragment content of the selected 
fragment is then checked to obtain the desired information. If 
the fragment content is in the form of unparsed text, the 
desired information can be extracted by performing parsing 
on the content. 

An index structure for digital data according to a preferred 
embodiment of the present invention Will noW be described. 

To retrieve a fragment that satis?es certain conditions, it is 
preferable to create an index for nodes frequently referred to 
under search terms and then refer to the index instead of 
examining the content of all fragments. 
An index Whose key value is a node value can be created for 

a fragment type. For example, if an index Whose key value is 
a ‘Genre’ node value is created for fragment type Pro gramIn 
formation in the XML document of FIG. 1, it is possible to 
retrieve information on programs belonging to a particular 
genre. 

Thus, it is desirable to provide the index structure for 
digital data to alloW effective retrieval of and access to digital 
data. 

A node in digital data Written in a markup language may be 
used as a key for indexing. For example, in FIG. 2, ‘Pub 
lishedTime’ may be used as a key for indexing. 

To specify a key, as described above, an absolute path of a 
fragment containing a node corresponding to the key and a 
relative path Within the fragment may be used. 

Referring to FIGS. 2 and 4, if ‘Published Time’ is used as 
a key, information about the key may be speci?ed as a) an 
absolute path ‘/TVAMain/ProgramDescription/ProgramLo 
cationTable/BroadcastEvent’ of fragment ‘BroadcastEvent’ 
containing node ‘PublishedTime’ and b) a relative path 
‘EventDescription/PublishedTime’ of node ‘PublishedTime’ 
Within fragment ‘BroadcastEvent’. 

Conclusively, for effective management of digital data 
Written in markup language, it is desirable to fragment the 
data and manage fragments in a relational table constructed as 
described above. Furthermore, it is more preferable to pro 
vide an index structure for effective access to fragmented 
digital data. 
A key used in an index structure may be a node contained 

in a corresponding fragment, and using the index structure 
alloWs direct access to a fragment containing the desired 
content. Furthermore, an absolute path of a fragment contain 
ing a node corresponding to the key and a relative path Within 
the fragment can be used as information about the key. 

In addition to specifying the absolute and relative paths 
using XPath as the information on the key, When absolute and 
relative paths have ?xed patterns, the absolute and relative 
paths can be represented in codes according to a predeter 
mined mapping rule. For example, /TVAMain/ProgramDe 
scription/ProgramLocationTable/BroadcastEvent’ and 
EventDescription/PublishedTime’ may also be represented 
by ‘FFOl ’ and ‘AAOl’ according to a mapping rule, respec 
tively. 
An index structure according to a preferred embodiment of 

the present invention is shoWn in FIG. 5. 
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8 
Referring to FIG. 5, the overall structure of markup lan 

guage based data consists of four components: IndexDic 
tionary 100, IndexKey?eld 200, Index 30011 or 300b, and 
Fragment 400. 
As described above, Fragment 400, Which is a relational 

table in Which fragmented digital data are stored, contains 
fragment_id, fragment_type, fragment_version, and frag 
ment_content. 

To perform indexing, the index structure includes Index 
Dictionary 100, IndexKey?eld 200, and Index 30011 or 3001). 

Each of a plurality of entries forming the Index 30011 or 
3001) consists of the ?elds key_value, fragment_id, frag 
ment_type, and fragment_version. The key value may con 
tain multiple sub-key values de?ned as one or more ?elds. 
The ?elds fragment_id and fragment_version are the same as 
their counterparts in Fragment 400. An index for a fragment 
can be createdusing a Well-knoWn indexing technique such as 
B-tree. 

Since a database may contain one or more indices, tWo 
auxiliary data structures may be provided for specifying each 
index. 

IndexDictionary 100 describes information on each index 
and contains index_id, index_version, fragment_type, 
num_key_?eld, and key_?eld_id. 

Here, index_id is an ID of an index, index_version is the 
version of the index, num_key_?eld is the number of ?elds 
(nodes) contained in a key, and key_?eld_id is an ID of a key 
?eld. IndexKey?eld 200 speci?es information on key ?elds in 
Index 30011 or 30019 and contains key_?eld_id, key_ 
?eld_path, and key_?eld_type. The key_?eld_id is an ID of a 
key ?eld, key_?eld_path is a relative path from a fragment 
containing a pertinent key ?eld to the pertinent key ?eld in a 
markup language data structure, and key_?eld_type is the 
type of the key ?eld Within a database. In another embodi 
ment, an absolute path of the key ?eld from the root node to 
the pertinent key ?eld in the markup language data structure 
may be used as key_?eld_path. 
A method for managing digital data Written in a markup 

language Will be described later With reference to FIG. 8. 
FIG. 6 illustrates management of the digital data of FIG. 1 

using the data management structure of FIG. 5 according to 
an embodiment of the present invention. 

In the illustrative embodiment, index information on the 
digital data of FIG. 1 is described, Where a key is Genre 
contained in the fragment ‘ProgramInformation’ and a key 
value is NeWs. 

IndexDictionary 100 contains information about Index 300 
Where index_id of an index associated With the fragment type 
‘ProgramInformation’ is l and index_versionis 2. IndexKey 
?eld 200 also contains num_key_?eld and key_?eld_id as 
information on a key ?eld of Index 300. In this embodiment, 
num_key_?eld is 1, since Genre has one key ?eld, and 
key_?eld_id is ‘7’. 

IndexKey?eld 200 describes information on a key ?eld for 
‘Genre’. For example, key_?eld_id is ‘7’, key_?eld_path is 
‘BasicDescription/Genre’, and key_?eld_type is ‘string’. 
An entry of Index 300 shoWn in FIG. 6 has a key value of 

‘NeWs’ for a key ?eld of ‘Genre’. The ?eld fragment_id of a 
fragment containing digital data having a key value of 
‘NeWs’, Which means the genre is neWs, is ‘123’, and the ?eld 
fragment_version is ‘ l ’. 

Thus, a user retrieves Index 300 Whose key ?eld is ‘Genre’ 
referring to IndexDictionary 100 and IndexKey?eld 200. 
Then, the user retrieves an entry Whose key value is ‘NeWs’ 
from Index 300 and extracts the ?elds fragment_id and frag 
ment_version of a fragment from the entry. Using the 
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extracted information, the user retrieves a fragment contain 
ing digital data Whose ‘Genre’ is ‘News’ from Fragment 400. 

FIG. 7 is a block diagram of a digital device 500 for man 
aging data Written in a markup language according to an 
embodiment of the present invention. 

Referring to FIG. 7, the digital device 500 includes a data 
provider 510 that provides fragmented digital data, a frag 
ment managing unit 520 that converts the provided fragment 
into a data structure according to the present invention, an 
index managing unit 530 that creates or updates an index for 
the fragment, a data processor 540 that stores the provided 
fragment and index in a storage unit 570 and performs 
retrieval of the stored digital data, and an application that 
requests retrieval and receives needed digital data from the 
data processor 540 for processing. 

The data provider 510 provides fragmented data according 
to a predetermined fragment policy by creating the frag 
mented data or receiving the same from another digital 
device. 
When receiving the fragmented data from another digital 

device, an index for the digital data may accompany the data. 
The received index is then sent to the index managing unit 53 0 
for management. 

The fragment managing unit 520 analyZes the fragmented 
digital data provided by the data provider 510 such that per 
tinent fragments can be stored in an exemplary relational 
table as shoWn in Table 1. 

In particular, the fragment managing unit 520 analyZes a 
fragment to extract information including fragment_id, frag 
ment_type, fragment_version, and fragment_content, and 
delivers the extracted information to the data processor 540. 
When receiving an update fragment on the previously stored 
fragment, the fragment managing unit 520 also updates the 
pertinent fragment. 

The index managing unit 530 analyZes the fragmented 
digital data provided by the data processor 540 and creates 
IndexDictionary 100, IndexKey?eld 200 and Index 30011 or 
30012. 

Upon receipt of an index from the data provider 510, the 
index managing unit 530 can also analyZe the created infor 
mation. In addition, When receiving an update fragment on 
the previously stored fragment, the index managing unit 530 
can update the index for the pertinent fragment. 

The data processor 540 receives the processed results from 
the fragment managing unit 540 and the index managing unit 
530, stores the same in the storage unit 570, retrieves a frag 
ment requested by the application 560 from the storage unit 
570, extracts digital data as needed, and delivers the digital 
data to the application 560. If fragment_content in the rela 
tional table stored in the storage unit 570 is a fragment itself 
in text form, the data processor 540 may parse the fragment in 
text form for delivery to the application 560. 

Furthermore, upon receipt of a neW fragment, the data 
processor 540 informs the index managing unit 530 of this 
fact, and, in turn, updates the pertinent index. 

The data processor 540 also manages the storage unit 570. 
That is, the data processor 540 requests the fragment manag 
ing unit 520 and the index managing unit 530 to selectively 
delete the fragment and index stored in the storage unit 570 
according to a request from a user or a predetermined algo 
rithm. MeanWhile, even When receiving a request for deletion 
of only a fragment, it is preferable to delete an index associ 
ated With the fragment as Well. Thus, When notifying the 
index managing unit of deletion of a fragment, the data pro 
cessor 540 may request for modi?cation of the stored index. 

10 
The operations performed by the digital device 500 of FIG. 

7 are summariZed as folloWs. 

The digital device 500 may perform all of the folloWing 
operations or, depending on its performance or function, 

5 selectively perform one or more operations. 
. Generating fragmented digital data 
. Storing fragmented digital data 
. Updating fragmented digital data 
. Deleting fragmented digital data 
. Generating index for fragmented digital data 
. Storing index for fragmented digital data 
. Updating index for fragmented digital data 
. Deleting index for fragmented digital data 
. Retrieving digital data 

10. Output retrieved digital data 
Details of the functions listed above Will be described 

beloW With reference to FIGS. 8A through 8C. 
FIGS. 8A through 8C illustrate methods for managing 

fragmented digital data and an index according to embodi 
ments of the present invention. 

1. Generating Fragmented Digital Data 
In step S110, the data provider 510 fragments the digital 

data according to a predetermined fragment policy. Altema 
tively, the data provider 510 may provide a fragment received 
from another digital device, or selectively provide frag 
mented data among received digital broadcast streams from 
another digital device. 

2. Storing Fragmented Digital Data 
In step S120, the fragment provided by the data provider 

510 is analyZed by the fragment managing unit 520 in order to 
extract information including fragment_id, fragment_type, 
fragment_version, and fragment_content. The extracted 
information is then sent to the data processor 540 and stored 
in Fragment 400 of the storage unit 570. 

To avoid duplicate storage of the same information, the 
method may further include step S130 of comparing frag 
ment_id of the fragment provided by the data provider 510 
With that of the previously stored data. 

While in step S150, a fragment having the same fragmen 
t_id as the existing fragment is discarded, only a fragment 
having a different fragment_id is stored in step S170. In 
another embodiment, comparison of fragment_id may be fol 
loWed by comparison of fragment_version in step S140. If the 
provided fragment has the same fragment_id, but a higher 
fragment_version than the previously stored fragment, this 
means that the fragment has been updated, Which Will be 
described in Paragraph 3. 

Meanwhile, When a neW fragment is added to the Fragment 
400 of the storage unit 570 or the existing fragment is 
updated, an index for the neW fragment also needs to be added 
or an index for the existing fragment needs to be updated. 
Processes of adding and updating an index Will be described 
in Paragraphs 5-7. 

3. Updating Fragmented Digital Data 
In step S160, When a fragment having the same informa 

tion as the previously stored fragment is provided from the 
data provider 510, the data processor 540 updates the previ 
ously stored fragment. To determine Whether the tWo frag 
ments are the same, various ?elds can be used. As described 
above, the fragment_version ?eld may be used to determine 
Whether the fragment is the same as the previously stored 
fragment and then Whether the latter has been updated. 

4. Deleting Fragmented Digital Data 
The digital data stored in the storage unit 570 can be 

deleted in fragments. A fragment stored in a relational table 
may be automatically deleted upon request from a user or 
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